We read with great interest the study by Rudiger and colleagues [1] . It is a retrospective study investigating risk factors of postoperative delirium in patients undergoing cardiopulmonary bypass surgery. The authors collected many perioperative potential risk factors and then performed univariate and multivariate analyses to investigate their association with the development of delirium. This is the standard method for risk factor analysis [2]; however, it has long been criticized for a substantial proportion of false positive results. Let us suppose that an investigator chooses 20 factors but none of them has an association with the outcome; regression analyses may obtain positive results a substantial number of times. A method to address this problem is to validate the regression model in an independent cohort (e.g., external validation). However, with the limited sample size and single center nature of the study, this validation cohort was not used.
Mediation analysis to unravel mechanisms underlying association between platelet transfusion and postoperative delirium We read with great interest the study by Rudiger and colleagues [1] . It is a retrospective study investigating risk factors of postoperative delirium in patients undergoing cardiopulmonary bypass surgery. The authors collected many perioperative potential risk factors and then performed univariate and multivariate analyses to investigate their association with the development of delirium. This is the standard method for risk factor analysis [2] ; however, it has long been criticized for a substantial proportion of false positive results. Let us suppose that an investigator chooses 20 factors but none of them has an association with the outcome; regression analyses may obtain positive results a substantial number of times. A method to address this problem is to validate the regression model in an independent cohort (e.g., external validation). However, with the limited sample size and single center nature of the study, this validation cohort was not used. An alternative approach to such data-driven analysis is hypothesis-driven analysis. Data-driven analysis is performed without the prior hypothesis that it examines the association between risk factors and outcome. Positive associations are reported depending on the results of statistical results. On the other hand, the hypothesis-driven approach is to make a hypothesis before data collection, and data are then used to test whether the hypothesis is supported by the empirical data. An interesting method is the mediation analysis [3] . In the study cited, we could hypothesize that duration of cardiopulmonary bypass is an initiator which causes delirium via the inflammatory pathway, and that inflammatory responses can be measured by platelet indices and C reactive protein [4] . Other pathways also include the tissue hypoxia that can be characterized by lactate and hemodynamics. Once a specific pathway is determined, empirical data can be utilized to test whether the theory is supported by data. Mediation analysis is suitable for the analysis. Alternatively, if the sample size is large enough, the structural equation model can also be helpful to unravel complex relationships between risk factors and outcomes.
Our previous study found that lactate was associated with postoperative occurrence of acute kidney injury [5] . The possible underlying mechanism is tissue hypoxia during and after operation. It is possible that tissue hypoxia may have universal adverse ef-fects on organ functions. Delirium is a type of acute organ dysfunction involving the central nervous system, and thus can be affected by hypoxia. Consistent with this hypothesis, the study showed that lactate levels on intensive care unit (ICU) day 1 were significantly associated with delirium (p = 0.008).
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We have recently published in Critical Care that delirium occurred in 26 % of consecutive ICU patients undergoing cardiac surgery [1] . In this study, patients with and without delirium differed significantly in disease severity scores, intraoperative variables, postoperative laboratory parameters, and the utilization of ICU resources. Focusing on intraoperative variables, cardiopulmonary bypass duration, low mean arterial blood pressure, low hemoglobin levels, low body temperature, high noradrenaline requirements, and transfusion of red blood cells and platelets were significant intraoperative risk factors. In the multivariate analysis, only platelet transfusions remained independent. This suggests that the interplay of different events during cardiac surgery might promote postoperative delirium.
Regarding our findings, Zhang and Zhang highlight in their letter that repetitive statistical testing bears the risk of false positive results [6] . In addition, the authors mention that a hypothesis-driven study has advantages over a data-driven analysis. Mediation analysis is another suggested option.
We thank the authors for these comments and would like to add that a retrospective analysis can only reveal strong associations but does not give answers on causality. Nevertheless, findings from observational studies remain interesting and clinically important for the following reasons: First, observational studies represent the real world whereas randomized controlled trials often exclude important patient groups. As a consequence, well-designed observational studies do not systematically overestimate the magnitude of the associations between exposure and outcome as compared with the results of randomized controlled trials of the same topic [7] . Second, the realization of randomized controlled trials in critically ill patients is challenging, partly due to ethical and administrative constraints, and partly because of the complex interplay between underlying diseases, pathophysiological deteriorations, and therapeutic interventions [8] .
